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HIGH PURITY TANTALUM AND PRODUCTS CONTAINING THE SAME LIKE SPUTTER TARGETS 
BACKGROU ND OF THT TAA^TN.'TTnpj 

The present invention relates to metals, in particu.ar tantalum, and products made from 
tantalum as well as methods of making and processing the tantalum. 

In industry, there has always been a desire to for™ higher purity metals for a variety of 
reasons. With respect to tantalum, higher purity metals are especially desirable due to tantalum's use 
as a sputtering target and its use in electrical components such as capacitors. Thus, impurities in the 
metal can have an undesirable effect on the properties of the articles formed from the tantalum. 

When tantalum is processed, the tantalum is obtained from ore and subsequently crushed and 
the tantalum separated from the crushed ore through the use of an acid so.ution and density separation 
of the acid solution containing the tantalum from the acid solution containing niobium and other 
impurities. The acid solution containing the tantalum is then crystallized into a salt and this tantalum 
containing sal, is then reacted with pure sodium in a vessel having an agitator typically constructed of 
nickel alloy material, wherein tungsten or molybdenum is pan of the nickel alloy. The vessel will 
typically be a double walled vessel with pure nickel in the interior surface. The salt is then dissolved in 
water to obtain tantalum powder. However, during such processing, the tantalum powder is 
contaminated by the various surfaces that it comes in contact with such as the tungsten and/or 
molybdenum containing surfaces. Many contaminants can be volatized during subsequent melting, 
except highly soluble refractory metals (e.g., Nb. Mo. and W). These impurities can be quite difficult 
or impossible to remove, thus preventing a very high purity tantalum product. 

Accordingly, there is a desire to obtain higher purity tantalum products which substantially 
avoid the contaminations obtained during the processing discussed above. Also, there is a desire to 
have a tantalum product having higher purity, a fine grain size, and/or a uniform texture. Qualities 
such as fine grain size can be an important property for sputtering targets made from tantalum since 
fine grain size can lead to improved uniformity of thickness of the sputtered deposited Him. Further. 
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od.ec P rodnc,s colltaining M htying fine ^ size ^ ^ w ^ ^ 

dafo™ion and es,h_ of detp drawlbi|ity ,„„ ^ ^ ^ ^ ^ 

' cpacors cans. ,.bo ra ,orv cnicibles , and ^ fc ^ rf ^ 

■W* Unifcnn BxlU r« i„ tama , um conaining ^ ^ ^ 
*«ar sp „„, r „ tt) a „ d c .„ m ^ ^ increKed ^ drtwaWUM ^ ^ 
products. 



SUMMARY OF THE PPFSrNT TNnnr NTmN 

A feature of the present invention is to provide a high purity tantalum product exhibiting a fine 
grain structure and/or uniform texture. 

Mothar f MMre of she presen , imrauion is „ ^ ^ ^ 
containing the high purity tantalum. 

A. .MM tan of she presen, inve „ tion „ . provide pr0 „ s!cs „ ^ fc ^ ^ 

* WC " * * «*■ -P00=- coining , he high puriry 

tantalum. 

Addhional fean,e s and advances of „ presem „.„ ^ ^ ^ ^ ^ _ 

d«acri P ,io,, which foltaw , and „ pm w ,„ fc ^ ^ ^ ^ ^ ^ ^ ^ 

P~dc« Of*, peeseo, immtim . Thc objec , ives ^ rf ^ ^ ^ ^ ^ 

reaHaed M d anained by me . ns „, elements a „ d ^ ^ ^ ^ 

description and appended claims. 

To achieve .he* and OIher sdvanlageSi a „ d .„ ^ ^ ^ ^ ^ ^ 

invemion, as embodied and br o,d ly described herein, ,„e p rese„. invasion reiases ,o ^ meul 
H.v»g a oorhy of., u- ard mo „ ^ „ ^ ^ ^ 

preferably h B , fj M ^ SIracmrc 

The presan. i„ vemion fanher re| „ es „ „ ^ „ ^ ^ ^ ^ ^ 



The present invention ablates to a high purity tantalum, e.g., suiA for use as a 
sputtering target, having a fu.ly recrystal.ized grain si2e with an average ^ sjze q{ ^ , 5Q ^ ^ 
less and/or having a primary (, , O-type texture substantially throughout the thickness of the tantaium 
and preferably throughout the entire thickness of the tanta.um met, and/or having an absence of 
strong (100) texture bands within the thickness of the tantalum. 

The present invention further relates to manufacturing plate and sheet from the above- 
mentioned tanta.um by flat-forging the tantalum, machining into ro.ling slabs, annealing rolling slabs, 
rolling into plate or sheet, then annealing the plate or sheet. Final products such as sputtering targets 
can be then machined from the annealed plate or sheet. 

Tha prase, invent also relMs 10 , sputKri „ g ^ ^ 

*«. «*, .Hoy. The spuming urge, can also be formed by radial forging and subs^en. 
round passing ,„ produce bi.lers or s, u gs. wbicb ara rhan forgad ,„d roHed ,o yiald diacs, which can 
then be machined and annealed. 

The present invention further re.ates to resistive films and capacitors comprising the above- 
described tantalum and/or alloy. 

The present invention also relates to articles., components, or products which comprise at least 
in part the above-described tantalum and/or alloy. 

Also, the present invention relates to a process of making the above-described tantalum which 
involves reacting a salt-containing tantalum with pure sodium or other suitable salt in a reactive 
container or pot and an agitator which both are made from or have a liner comprising a metal or alloy 
thereof which has the same or higher vapor pressure as tanta.um at the melting point of tantalum. 

The present invention farther relates to processing tantalum powder by melting the tanta.um 

Powder i„ a hi §h vacuum of ,0< to. or m0 r. The pressure above the melt i S lower than the Y 3 p 0r 



pressures of the impurities existing in the tantalum. Preferably, the me.ting of the tanta.um powder is 
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accomplished by electron beam melting. 

■ .< is to be understood tha, both *, foregoin8 gen „ a| de5 „. ption fo||ow . nj ^ 

descriprion „ emplao , and exp|anat0 ^ on|y Md , msnded M ^ ^ explanation of*, 
present invention, as claimed. 



brief nrsrmrnoN ra> t he dr a win^ 

Figures ,(A.B,.,„A-D, are graphs , nd ^ ^ ^ ^ 

(mcremen,., thickness vs. random, „d log ra.io (, , „;(,00) ^di™ (incremewa| ^ u 
(1 1 1/I00))ofhigh purily tantalum plates of the present invention. 

)ETAILED nF-SnUPTlow ng m p resent inrom^, 

The presam invennon relates to a tantalum metal having a punIy of at least „^ 
Preferably, the „„,.,„„, melal has . purjty of „ ^ „ ^ ^ ^ ^ ^ ^ ^ 

99.995% ,o about 99.999% or more. Other nmges include about 99.9,S% ro about 99.999% and from 
about 99.9,9% to about ,9,992% and from .boo, „,„% t0 about 99 ,, 95% The ^ 
mvention mrmer relates to a *„ a,,.,, which comprisM me ^ ^ ^ ^ ^ ^ ^ 

tantalum based alloy o, other „,oy which contains the high purity mMm a one of the 
of the alloy. 

The impurities ma, may he present i„ tho high puriry Matm me,., are less than o, epual ,„ 
•00S% and typidly comprise ome, hody-ce„,erod cubic (hoc, refracory metals of infinite solubility 
ranralum, such as niobium, molybdenum, and tungsten. 

The ranralum ma,, ,„ d „ lova .hereof containing ,he rantahm, me,,, preferably have . rexrure 
Which is advanmgeous for panic,, end uses, such as spurring. ,„ o.her worda, when me ,a„ al um 
maa, or alloy .hereof is fonned in.o . ap.nering ,a, g a having a surface and fcn spunered , tha tmm 

vay few if„y, re « in „. .puoe„„ 8 .„ 5 a reai!t)pumrins . ^ ^ ^ ^ ^ 



in 
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■» miOTns » , K , Prcferably , fc , anta|um ^ js a( ^ ^ ^ 

s « a, leas, aboul 8 „ of the tanta|um mea| ;s ^ a|ifeed ^ ^ ^ ^ 

- «* of,, „„ alum meta , is r ^, a||i2ed ^ ^ ^ ^ ^ 

recrystallized. 

0 *- .5 rando. nis . nanira| bg ^ raijo of (| , ]):(|oo) _ ^ ^ ^ ^ 

-^^--.-<0 (i ., mOTin& , 0 ,.3,,,,,,. vl0mdMon)OThBbMh 

*« 000, intt „ sity a „ d fc ratio me cenKr ^ ^ ^ ^ ^ o ^ 
» -bo, ,0 ^ and more preftrab|y . from abou( o randm <o abom s ^ ^ ^ 

- ,0 I5 and more preferab|y ^ aboot _, 5 Mabou( ?o othersuj[aWe ^ 

Most prefc^, , he , amalum mMa| hM ^ ^ ^ ^ |Mst ^ ^ ^ ^ ^ 
t™ s, 2 e and preferred ^ W| .„ ^ „ fc ^ ^ ^ ^ ^ ^ 

of ce ntrold imensities . The mMhod ^ equipmeM ^ h used to ^ 

— are described i„ Ad am s et M a ,eri a , S Science Fororo, Voi. ,SM« ( ,„ 4) , pp . 3M ,. 

Adams e, .1., Metallurgical Transactions A, Vol. 24A Anril 1993 N„ A 

ra. April 1993-No. 4, pp. 819-831: Wright et al 

—a. Academic PuWishers . ,„ ^ Dajie. .Beijing. ,996 (Stores of Materia,' 
Proceedings of tne E„«n,n — , Conference on W of Materials,. Wrigf, Jouma , of . 

Computer-Assisted Microscopy, Vol. 5 No 3 (MIS „» • 

Py. >, No. 3 (199,), all incorporated in their entirety by reference 

. herein. 
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The „i 8 „ p unly „ mlum mela , of u , e prMeni . nvemion ^ ^ ^ ^ ^ ^ 
■ (CE, mmitions warhaad liner whkh MmprisB hjgh ^ ^ ^ ^ ^ ^ ^ ^ 

» P— , « o, co m pone„, ^ ^ ^ ^ 

™Ho d s md mems of maklng , e variMs m , c , es ^ comiWn8 te ^ 

- b. ose d e,,,, hare in ^ , ht ^ ^ anMlom ^ ^ ^ ^ m 

10 these pat .„ B ate inc0Ip0mKi in ^ emireiy by referei)£e ^ 

0— Ifc a process ,ha, can be used ,„ make Iha high purily ^ ^ ^ ^ 

an- h^seo. M„e p r « fersbly , the amoum of njob , um> mo|yMCTumi ^ ^ ^ ^ ^ |o 
PP. - nsos, p rel Vab, ss bclow ab0 „, , ppm Spch § ssiK[ion |Mds k i ^ ^ ^ 

- ^ "Me a„ d vision metals from „ , a „„ , wo|idathg ^ tMta|um ^ a 

«- -.v. . c 0m bi, t ,„ of cold wo*i„. >nd annMlins „ . ttma|um ^ MsurB 
l-fa- •* size Md /o, preferred tB(ture and ^ , f ^ 

The high p^ ranalum metal preferaWy my be made fcy reKt|ng a ? ^ 

«H . oce ( e,„ m or elemem) cjpab|e rf ^ m ^ ami|um ^ 
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-coon eo„, ai „„ mds of , he „ ^ ^ ^ m wa ^ ^ ^ ^ 

— .o, maKrials mada ftom nickel . chromium , iro „ tton . um ^ 

— v anadium , C0W1 , rhod|umi pa|Wium piatimm ^ ^ combiMjOT 

— P ref „. bl , , he „ . nicka , „ . „ icke ,. based >noy > ^ o> _ ^ 

apM, w„, hare . lhickmss of from about 5 m to abMi 3 cm ^ _ ^ 

or different metal materials described above. 

Th. S a, K „„ ttining Hmalum M „ my Mlt capab|a of havjng ^ ^ ^ 

~ - . p— with respecI „ , he agem capab|e of ^ fc ja|t )o 

" ^ ,VWCh 10 " - ■*—<*, «a Ium ,o just tantalum 

*r in^ <„ salt(s)) which c „ sepmted ffom ^ Ma|um ^ ^ ^ 

* <M*« Mlts with waler or other aqueous ^ preferab|y ftis i8Mi is ^ ^ 
tt*. „„, limited l0 , lithim , ma ^ ium ^ ^ ^ cBrbon 

— « of*. sa „. co „, aining tan „ |um , s sodium fluorMe ^ ^ ^ reduajOT ^ ^ 
Encyclopedia of CWa, Techno^, 3" Edi.ion, V.,. 22, pp. MM* U.S. P att „, Nos . 2 950 
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3.829,3 10; 4,149,876; and 3,767,456. Further details of the „ 

, , c n dCtailS ° f thC Pr0cess,n 8 of tantalum can be found in 

U.S. Patent Nos. 5,234,491; 5,242,481; and 4,684,399 All of the,, . 

. W*. All of these patents and publications are 
' incorporated in their entirety by reference herein. 

The ^ cxribcd proceK ca „ irtded ^ a muhi ^ ^ ^ ^ 
> - p urily tan[a , um , such aJ ore . tomainmg ^ ^ ^ _ te ^ 

^ h --»-^w,, MKidMlnrtM .^ lowp ^ antt|umifp _ tBMore 

10 capable of dissolving substantially all of the tantalum anH im ■ • 

tantalum and .mpunt.es, especially when the mixing « 

occurring at high temperatures. 

°- u* soMion h, s had sufiici «,, timett „ sso|ve substantia||yi tf ^ ^ te soito 

M 66 '° Crea " " ,aM "" m ^ A1 * >** - — presen , in the liquid 

cont.,n.„g «„, a | um is gtnm||y be|ow ^ ^ ^ 

25 Ta. 
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" C ~°" *" * * - - — -n 8 , fc tantalum 

powder. 



or an 
remove 



have a purily „ f or ^ ^ ^ ^ ^ ^ ^ 

vo teand 15 .o40a mps , a „ du „ defavacuumoffom>bout , x io . ltoabou| | x ^ ^ 

to 22,000 amps under a vacuum of 2 X 10" 2 to 1 X 1 n 4 T ft ~ ^ 

,0 1 X 10 TorT - and ™re preferably 800 to 1200 lbs. per 
hour at from 30 to 60 volts and 1 6 000 to 1 8 Onn am „c a j 

o.uuo to 1 8,000 amps, and under a vacuum of from 2 X 1 0 J to 1 X 



10 4 Torr. 



TH= high ^ Iantalum ing0 , ca „ then be _ hanka||y „ ^ ^ ^ 
— »„, ai „ ing producl . The fint , a „ d prefeaHy M)y ^ ^ ^ 

— . «. U impanad „ the produc , ^ , Mrabta „ 0 „ of _ workjng ^ ^ 

Th, m purity ttma ,„ ra product preferjb|y ^ a ^ ^ ^ w 
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— y 0 . „ as oreesore, o y orle^oo imagi „ g microjcopy (0]M) ^ ^ 

-puUe » respec, , c the _„ ica| p _ sin& ^ ingm _ te ^ w 

-*r processes .„< . „„, uniform mic „ ^ ^ ^ _ ^ ^ ^ 

** ^ Sas . excellent flM ^ she a , /or . unifom ^ ^ 

» — . .v^ e r^ ^ S|M of abou , ijo mima$ ^ ^ _ 

m.crons a and from about 30 to about 1 00 microns. 

The resold high purity meB| of fte preMm inven . on prefmb|y ta ^ ^ m ^ ^ 

of aooo, „.« is desired , ta fc ^ ^ ^ ^ ^ ^ ^ ^ 
carbon. 

Wi* respect to taki „ g ,„ is ingot „ d fomi „ g , ^ ^ fc ^ ^ ^ ^ 

« -* - e mb od ta e„r, *e spotrerin, ^ made from , ht hi „ purjly ^ ^ ^ ^ ^ 
. * or c heraica „ y cleaning fc !urfacK rf , he tama]um ^ whereta ^ ^ ^ 

below. Pr efara o, y * tanla , um mMa| ^ . ^ ^ ^ |Mji 9 ^ ^ m ^ ^ 

« s,ep ,vo, w te forglng „ ^ _ ^ _ ^ ^ ^ ^ ^ 

- ^ • to achiava substa „ tia||y mi!m fc ^ 

— follow «, slap as dKcribtd Wow ^ ro||jng j|ab(s) ^ to ^ ^ ^ 
a- a, . stolen, t . mperanare „ „ ^ ^ ^ ^ ^ ^ 

*, reropererores and timas „ ae , fonh te|ow ^ jn exampiej ^ ^ 
■a *e„ iubjected . cold or warm ro,U„ g in toh Ihe ^ dicu| „ a „ d ^ ^ ^ ^ ^ ^ 
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microns a„o . tature sub!ami „, void ^ ^ ^ ^ ^ ^ ^ ^ 
« T*e p.are can h, mechanica „ y „ ^ ^ ^ ^ ^ ^ ^ 
-P. H-vin, a„ y , imension . TypiM , |y , , he „„ forjin8 wi|| oecw ^ ^ Ma|um ^ - 
5 N in * ror a, lMa ^ 4 bou „ „ temperMjres rMgmg ^ amwtm m ^ ^ 
P.e.=rao ly oerore colo rol.nng, *. rolling slabs „ ^ . . ^ ^ ^ ^ ^ 
•0 -bo. 1S „„. C , , d „ a time (e ,„ frora abou , „ hour „ ^ , ^ „ ^ „ ^ ^ 

temperatures and ,h, warn, rolling is a, temp^ of 1ks tha „ abou , ^ 

—I, . _ „ d for . tim . Iufficim . =chieve _ pieK ^ 

processing. 

Another wav ,„ process the ,a„,a, um me*, imp spopenng rargera involves meddle.,,, or 

» enemies,,, dean surfaces of the .acta,™ m.,a, (e, antato , ngoa ^ fc ^ 

has a soffit croB . SKti0 „ a| ^ , o pOTit ^ ^ ^ ^ ^ 

suflicen, Marion to achieve substantia,,, mi!m ^ ^ fc 

wKtch occurs immediate, aftar mis step or , he ^ ^ ^ ^ ^ ^ ^ ^ ^ 
» - c„, into bi „ els Md lbe !urfac „ „ ^ ^ ^ ^ 

s«P « occur .flerweed, „ . chiave a , leas , pania| ^ ^ ^ ^ ^ 

forged mro parfo™. Again, an op,i ona , amealing nep can ^ ^ ^ ^ ^ ^ 

- then suited . c„,d rolllng int0 al leaJ1 0 „ ^ ^ fc ^ ^ ^ ^ _ ^ 
« op,,„„ a „ y mechanically or chemica , |y ThMi ^ fina| M ^ |in6 ^ ^ b ^ ^ ^ 

•verage ^ slK of abou , l30 mlcrons 0f ^ ^ , ^ ^ ^ ^ 
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if no, ,o,a„y void of (100) ra ,„ra, bands. The roond forg,„ 8 wiclllv occurs afte , subjecting ^ 
■amalum mMI , 0 , en , perarurts of abou , JWC or |ow H . gher umperatiires ^ ^ ^ ^ 

~* in inched oxidation of*, surface. Praferabiy. p[ior 10 forging „. bi „ eB ^ ^ 
— W. Abo. * perW, pHor ,o nold rCing can be anoeaiad. TypiCiy, *. . niKaliog 
■amperaruros wil, b. from abou, 900-C ,o abou, He Also, any a „ nMling is preferab|y vacuum 
ar.na.iing „ . sufficiem „ mpmmre ^ ( „, , ^ „ ^ rf ^ 

tantalum metal. 

Preferably, ,be spuming rargeu msde from the high pur|ty ^ ^ 

dimensions, a .hickness of from abou, 0.M0 ,o abou, ,.50", and a surface area from abou, 7.0 ,o abou, 
1225 square inches. 

The high purity tantalum preferably has a primary or mixed (1 ] 1) texture, and a minimum 
(100) texture throughout the thickness of the sputtering target, and is sufficiently void of (100) textural 
bands. 

The tantalum metal of the present invention can be used in any application or product that 
uses convention, tantalum metal as a component or as part of a component. For instance, the 
tantalum metal can be a component or part of a component in integrated circuits, such as 
semiconductors and the like. The designs described in U.S. Patent N 0S , 5,987,635; 5,987,560; 
5,986,961; 5,986,960; 5,986,940; 5,986,496; 5,986,469; 5,986,410; 5,986,320; 5,986,299; 5,986,294, 
5,985,697; and 5,982,218 can be used as we., as other convention, designs and each of these patents 
are incorporated herein in their entireties by reference. The tantalum metal can be present in any 
device which typically uses sputtering techniques to deposit metal to form a component or part of a 
component on a device. 

The present invention will be further clarified by the following examples, which are intended 
to be purely exemplary of the present invention. 
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EXAMPLES 
Example J 

SUb ' 0B ° f SOdi ™— — — *- — POW dtr , Mch weighi „ g 

b- -** Represent samples from e „ h powder |m _ ^ ^ o|ow 
M«s Spec^ (GDMS): powder !ubIots havi „ g ^ ^ ^ 
and M „ gstt „ (W, impmi „ coment , ess , ha „ , ppm ^ MiMed ^ ^ 

ne Ta ^ suWots were then b|endej jn a ^ bwer m ^ ^ 

P-m, N«t the po„ d er was cold is0SIatica ,, pre „ ed (ap , ed) . b green |ogs s ^ 

«• - wh ^ „ omi „ a||y 3M pounds presjcd ^ _ ^ ^ 

h«»;„ g « ,450^ for 2 hour, ., a vacuum ieve! of rtout Fo , ,„• 

tore. Foi this operation, the logs 
were cove„ d witt , taMalum sheets to prevent conation from the f M aoe events. 

of ,00 ,os*. into . ,„■ water . cooled ropper prucib|d pndera ihan ^ 

» EB m e„in« parameters. The 2 " mel , ing01 was aglin invenpd ppd ^ § ^ ^ ^ 
into a 12" crucible at a melt rate of 800 Ibs./hr. 

D,schar g e Mass Specrromeov (GD MS,. Resoha conf,^ ,h a , the Ta i„ g0 , was o, W2% pure . 
Example 2 

A potassium tluotanta.ate (K.TaF,) was obtained and upon spar k source mass spec ana, ys is 

the K.TaF, exhibited 5 ppm or less niobium. Levels of Mo and W 

01 Mo and w w ere also analyzed by 

spectrograph^ detection and levels were below 5 DDm f or Mn , . , 

°eiow 3 ppm for Mo and below 100 ppm for W. | n 

particular, the K 2 TaF 7 had levels of KJh «f t 

levels of Nb of 2 ppm or less, of Mo of less than I ppm and of W of less 
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amount of Nb, Mo, and W was below 5 



than or equal to 2 ppm. In each sample, the total recorded 
ppm. Four lots of 2,200 lbs: each were analyzed. 

On. of ,h. lot, was ™,sf«^ ,o KDEL ram which „*„ . pure nieke , vessd ^ , 

of tt. were ,h e „ shi^d wil h ,„6* hick,, she., o,„ g welding to oiad .„ surfsces exposed t0 

the reaction. 



A standard sodium reduction process was used except as noted below. The lot was subjected 
to the agitator in the presence of pure sodium to form tantalum 
then washed with water and subjected to acid 
100 mesh. 



powder. The tantalum powder was 
treating and then steam drying and then screening to - 



A samp.e from each batch was then submitted for glow discharge mass spec analysis. The 
- tables (Tab,es I and 2) below show the starting analysis for the K,TaF, and the final analysis of 



the tantalum recovered. 



Table 1 

K 2 TaF 7 Spark Source Mass Spec (SSMS) Analysis 
(metal to salt basis) 



Sample 
Number 

i 


Nb 
(ppm) 


Mo 
(ppm) 


W 
(ppm) 


TOTAL 
(ppm) 


2 
3 
4 


2 
1 

2 
1 


V V V V 


72 
<2 
<2 
S2 


~S 
<4 
<5 
<4 



Table 2 
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. . h o tai „. „ d PUr , es on order of 99 w% Mn 

process.ng shown in Example 1 . * 
Example T 

' - distine, proc5ss melhodologies _ usei ^ a ^ ^ e 

^»--:^-~*--«^ talllli<llll-1lls 

The s]> , _ _ w k ioso ( iso Md ^ c ^ ^ ^ 

I 2 *" " U - - - " «" - W m cold 

-one — . Ea ^„ P ,_ rere „ edbymu „ ip|espasses 
subject 10 a ™«'i"8 « temperatures of from o so . , , s0 . c 

- round f o, 8ad „ sing . GFM ^ forga „ 4 „ . fer muMes _ ^ jbMi m% 

" «• - P«». rro m «. , temediaK ^ 4 bi||eB (j ?s „ 0 r 

machined, and 2 billets (labeled A a nd B) were annealed a t I050°C while billets C and D remained 

"^^^-^.^-^.^^ 
" A and C were annealed at I050°C The ,w 

the " C ' 0Ck r0 " ed » * thi '^ss of about 
0-400 toy,eldd. S csof a diameter of approximately 14- TV 

x.mate.y 14 . Th.s was accomplished by taking multiple 
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passes of 0.200 inch per pass to about 0.5250 inch thick Th P a- 

inch thick. The d 1S cs were then rolled to about 0 5 

' h* in tnree passes of 0.050 i„c„, 0.0 2 5 and 0.0,5 incn nMcm per pa „ „ 

„ inchdiameKr Aquanerof , he(liscwascuiinto 
<™ w« dges Md fin> , „ nM|ed , emperatures of 9m noo=c Tab|e ^ ^ ^ ^ 

processing. 

^ ,eX '" re -** « « 'o» 8i «udi„a, sections of , he plste 

— W <„_„, face para||e , ,„ , he fina| rol|jng direciion) ^ ^ ^ ^ 

forged an d rolled discs (measurement face parallel » rhe radios of*, discs). 

Crain size and rexrure w d a , ong „. „ ^ ^ ^ 

«*en from rolled plare and forged and ro||ed ^ ^ ^ ^ ^ ^ 

™ dd processes are given in Ta.es 3 and 4, respecive,, ,„« aMea|j „ g _ ^ ^ 

of 0.500 and 0,50.. , hick ,.„ talum were comp „ able ne on , y variab|j femd w 

effec, are grain si2e of the mat „ ia|s w> , ^ ^ ^ ^ ^ ^ ^ 

temperature, ihe larger the resulting grain size. 

™, i2ed regions al 0 , ne „ , ne surfi£e ^ va]oM ^ ^ k ^ ^ 

99%. For plates annealed at 1050, 1 100 and 1 Hflor a ctm 

*>, iuu, and 1 150 C, ASTM grain sizes ranged from 5.3 to 3.7, 

with all samples being 100% recrystallized. 

For the round-processed discs, al. samples were reported to be ,00% .ecrystal.ized, with 
- -P'ion of D isc C annca.cd at 950 *C which was 99% resized. Grain sizes of ASTM 7,- 
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-pecnve,. Annealing at I I00 8 C produced grain sizes of ASTM 4.0-4.5. 

For both processes, these findings demonstrate that a fully reC rv s . a ,r „ 

a ruiiy recrystalhzed grain size of 50 
or finer is achievable using either the plate rolling or the billet f • 
c r . S 6 b, " et for 8 in 8 P^ess at a preferred 

5 final annea. temperature offron. about 950 to about ,050-C Should. 

Iim if . . C " Sh0U,d the "nrecrystallized areas be 

metallurgical res „, B) wm u!ed fc ^ 

tantalum materials. 

ana,,,, each , exture samp , e ^ 

" - - ~* »- - «- as me inpu , dita f0 , subsequen „ y n 
~ maps Md ca|cu|lti „ g po , e fisurB Md orjenta(ion djstrjbotjon ^ ^ 

By co„va„, io „, tMore oriCTKtions m 

„ ,. reierence to the sample-normal 

~ , P o,e „ gures are , tt ^ jK , s „ ch (hat origin ^ nom>| 
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were nteasured with respecI „ ^ samp]e ^ ^ ^ ^ ^ 

transpose the oration data from , he |0 „ . tudinal w ^ ^ cMfdtaie ^ ^ ^ ^ 
» auhse,„e„, ,ex,„e . ra , ysi , Tha „ t „ ks were [hrough ^ ^ Mmputtr ^ 

S^ii^Kte Derived fa. prindples of presenting,^ inf6raat . on . n 
fonn of inverse poie „ gures , orienu , io „ maps are . magK of mjcr _ ^ ^ ^ 

where each ^ grain is "color-coded - based o„ Us c^„„og rap h ic oriemstion „ lllive „ 

erys., .« s for each grai „ (dettrnlined abng ^ ]ongitud . na] direetion ^ ^ ^ ^ ^ 
0,M, were ,„„„ 90 . , bou , , he djrection so tQ ^ ^ ^ m . ^ ^ 

direction of the !ample . 0riemation maps _ , o revM , ^ ptesence otuam ^ m gradients 
through the , hickM!s 0 „ „ e prodac , ; m iMM|um oriMMion ^ ^ ^ ^ 

Ungated grain, identified b y optica, m icrosc„p y cm be compoMdof ^ ^ ^ ^ 
low-angle grain boundaries. 

^^M^mte OIM scan, were tahen aiong the thicW of each satnpie 
Provided; for ,he 0,00" p,. tt s ampl es, separate me a_ were ntade for the top and , h . 
bonom portions of the plate and repotted separately. 

The orientation ntaps were vianallv examined to ooali,,iv e , y characteriK ^ ^ 
-M* through the sanaple thickness. To aPain a q ua„,i«e descr.ption of the texture 
gradtents and texture hands in the exantpie ntateriais, the .ensured EBSD data was partitioned into 
30 subset, with eaoh representing a S% inorentent of depth through the thichness of the aa mp ,e 
Foreach i„cre m e„,a, data ae, an ODP was ftrs, ca.cuiated, then (,00) and „ ,„oen,roid intensities 
defined „u„,erica, ly us,„g technic reported eiaewhere. The epuipnaen, and prooedures 
descrthed in S . Matthies e, ah. Materiais Science Forun,, VC. ,57,6a (IW4) , „, , M7 , 652 , nd 
S-Manhiese,,,., Materia, Science Forunt, Vo,. ,57-,6 2 <„,4), pp. 1641-1646 were applied and 
.Keae puhiioations are incorporated ,„ their entirety Herein h y reference. The texture gradients we™ 
■hen .WW graph,.,,, by p , on ,„ g ^ ^ ^ ^ ^ ^ ^ ^ ^ 



(100). 

10 
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O0PM, , ,, „ a fcnosion de pth ^ These rKn|B m sk fonh ^ ^ w ^ 
through Figures 1 1 (A and B). 

T»e He,*,. gMge „„ talum plate exhibi(ed , he unifom through ihicknKs 

contained . sligh , to mod „ ate texture gr , die „, and evidenM ^ temre ^ ^ 
-*M. *. showed . more de fi „ed ( , , „ texturt „ , he 0Dps ^ ^ incre>sed promjneme ^ 



The g eea,es, v ari ab ility ,„ ttral! of o^ and blndmg w found ^ forsed 

- — disc, Unlika , he matallursica| ^ , he tature ^ forgjd ^ ^ ^ 

>y the os« orin^e ,„„„„„, For discs A , „ a „ d c ^ ^ _ ^ 

- one or two aooea,^ SKp , , he lexture gradie „ B ^ ^ ^ ^ ^ 
<d«pe„d,„ g ra peoeeasio. _s, with sligh , . „ „ y . ^ ^ ^ ^ n ^ 

was .Uo f oe 8 ed feoso unannealed billel b „ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ 

-nee, ,e mp eea, U ,e to ,,00-C acted ,o o, minish , he gradient , e „ min>ttd ^ ^ 
» -" P he„i„ g inttnsily of (IOO) , exture componem from ^ ^ 

annea„„ g te „_ we „ ^ ^ , ^ ^ ^ ^ ^ ^ ^ ^ ^ 

. the heavy gauge plate, 

Fro m the micr „s,t U c, oral and ,«>,„„, observations, the follov „i ng cmclmiMS ^ ^ 
-de ,e gard i„ g o plimum processing for fabrica(ing iama|um spune . n8 ^ 



10 
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• F " fl «^'Mi.b.^, l , mper . wrespreferabMonMexceednso<(|o5o>c . 

«. preferred, Md ,„e „„„ an „ ea| . ^ ^ ^ 

more p ref e„ bly , 0 „ 0 ^. The raillti n g pro d„ cl ls c,^.^ „ ^ , 
~W average grein sia of less 50 ^ , ^ ^ 

ton 15 random and a log ml, „f (, , I>.(1 0 0> of less than .4.0. 

• For roond processing, „ ite prefmbly „ ^ ^ ^ ^ ^ ^ 
diac w it „oo, nse of an ta— annea, a, perfo™ „«,. Final anne „ 
pre f «,a bly ,50, ,00-C, and m ore prefer.., is ,„ 5 „. c . The 
charac,e,i 2 , d as having . rKryMl]M .^ ^ ^ ^ ^ ^ ^ _ ^ 

■n~ i„ Itnsjlyof lBslhan ,5 ™ d o m Md . logratio of( , , |k 



IS 
IS 
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Tabie 3 

Metallurgical Characteristics Process 



Temperature f°C) 


1050 


U50 


Gauge of Plate 
Produced from 
Slab 


.250" 


.500" 


.250" 


.500" 


Plate Anneal 
Temperature (°C) 

950 
1000 
1050 


AS 
TM 
Grain 
Size 
7.0 

6.5 

4.5 

! 


% 

Recry. 

98 
99 
100 


ASTM 

Grain 

Size 

6.7 

6.5 

5.0 1 


% 

Recry 

98 
99 
100 


ASTM % 
Grain Recry. 
Size 

7.0 ! 98 

i 

6.5 I 99 
1 

4.5 | 100 


ASTM 

Grain 

Size 

6.7 

6.5 

5.0 


% 

Recry. 

98 | 

98 

99 


1050 
1100 
1150 

Note: Material Puri 


5.0 i 100 

1 

4.5 ! 100 
i 

4.0 j 100 
tVM'as 99.998 % 1 


4.5 ! 100 
1 

5.0 ! 100 
1 

4.0 i 100 
r a 


1 

5.0 ! 100 
1 

4.5 ! 100 
1 

4.0 ! lop 


4.5 
4.0 

3.7 i 


100 
100 
100 
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Table 3 (con't) 



Slab Anneal Temperature (°C) 


1300 






Gauge of Plate Produced from 
L Slab 


.250" 


.500" 








Plate Anneal Temperature (°C) 


ASTM 

Grain 

Size 


% 

Recry. 


ASTM 

Grain 

Size 


% 

Recry. 


950 


7.0 


98 


6.7 


98 












1000 


6.5 


99 


6.5 


98 












1050 


4.5 


100 


5.3 


100 












1050 ' 


5.0 


100 


4.5 


100 












1100 


4.5 


100 


4.0 


100 












1150 " 


4.0 


100 


3.7 


100 
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Table 4 



BILLET A BILLET B BILLET C BILLET D PCWEI£HI 

Unannealed Unajmeajed 46.4 lbs 7" Long 



Anneal 

1050 C 



Anneal 
1050 C 



ForgJ U P $etFor 8 e Upset Forge Upset Forge 
2.5" Thick 2.5" Thick 2.5" Thick 2.5" Thick 



6.25" 
Diameter 



Anneal 
1050C 



Anneal 
1050C 



Machine Machine 
Clean Clean 



Machine 
Clean 



Machine 
Clean 



42 lbs 



6" 

Diameter 



X-Roll to X-Roll to 
Gauge Gauge 
0.400" 0.400" 



X-Roll to 

Gauge 

0.400" 



X-Roll to 

Gauge 

0.400" 



15" 

Diameter 



Saw Cut 
Quarters 



Saw Cut 
Quarters 



Saw Cut 
Quarters 



Saw Cut 1 0.5 Ibs/qtr. 
Quarters 



Anneal 
Study 



Anneal 
Study 



Anneal Study Anneal 
Study 



ANNEAL ASTM 
TEMPCC) GRAIN 
SIZE 
(REX) 



950 
1000 
1050 
1100 



7.1(1 00%) 7.2 ( 1 00%) 7. 1 (99%) 

6.1(100%) 6.5(100%) 5.9(100%) 

5.8(100%) 5.9(100%) 5.9(100%) 

4.5(100%) 4.5(100%) 4.5(100%) 



REX = % Recrystallization 



7.2(100%) 
6.8(100%) 
5.9(100%) 
4.0(100%) 
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0.500" PLATE 139 
Slab Anneal: 1050 Plate Anneal: 950 
Grain Size: 6.7 ' 
Increment: 0.025" 

Increment (111) (100) In(ralio) 



1 


1.257 


N 1 .908 


-0.42 


' L 


0.703 


1.456 


-0.73 


3 


1.127 


1.11 


0.02 




1 .554 


1.543 


0.01 


C 

D 


0.279 


1.146 


-1.41 


A 


1 1 

1 .1 ay 


1 .774 


-0.43 


7 


1.481 


1.335 


0.10 


8 


3.27 


1.086 


1.10 


9 


0.996 


1.072 


-0.07 


10 


2.337 


1.634 


0.36 


11 


4.81 


1.011 


1.56 


12 


3.321 


2.885 


0.14 


13 


2.294 


2.73 


-0.17 


14 


1.477 


1.329 


0.11 


15 


0.607 


1.229 


-0.71 


16 


1.02 


0.281 


1.29 


17 


1.536 


0.634 


0.88 


18 


1.771 


4.277 


-0.88 


19 


1.057 


1.921 


-0.60 


20 


0.097 


1.051 


-2.38 



0.500" PLATE 142 
Slab Anneal: 1050 Plate Anneal: 1000 
Grain Size: 6.5 
Increment; 0.025 M 

Increment (111) (100) In(ralio) 



1 


3.502 


3.495 


0.00 


2 


0.848 


2.988 


-1.26 


3 


0.412 


3.998 


-2.27 


4 


0.304 


0.676 


-0.80 


5 


0.52 


0.717 


-0,32 


6 ' 


1.167 


1.401 


-0.18 


7 


1.493 


1.691 


-0.12 


8 


2.071 


1.445 


0.36 


9 


2.039 


1.77 


0.14 


10 


2.19 


1.643 


0.29 


11 


1.541 


0.327 


1.55 


12 


6.722 


0.091 


4.30 


13 


4.228 


0.131 


3.47 


14 


1.904 


1.455 


0.27 


15 


1.514 


2.136 


-0.34 


16 


1.366 


1.26 


0.08 


17 


1.388 


0.904 


0.43 


18 


0.709 


1.504 


-0.75 


19 


0.615 


0.395 


. 0.44 


20 


1.027 


0,499 


0.72 
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0.500" PLATE 140 
Slab Anneal: 1150 Plale Anneal: 1000 
Grain Size: 6.5 
Incremenl: 0.025" 



Increment 

I 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 



(111) 
1.786 
1.745 
1.948 
3.232 
2.892 
1.061 
3.501 
1.026 
4.783 
2.402 
3.097 
0.859 
2.585 
0.872 
1.439 
1.657 
1.395 
2.506 
1.541 
0.593 



(100) 
1.286 
0.433 
0.782 
2.3 
3.517 
3.701 
0.522 
1.944 
0.608 
0.535 
2.547 
2.571 
0.897 
2.955 
1.28 
2.131 
1.765 
1.105 
1.381 
1.696 



In(ratio) 
0.33 
1.39 
0.91 
0.34 
-0.20 
•1.25 
1.90 
-0.64 
2.06 
1.50 
0.20 
-1.10 
1.06 
-1.22 
0.12 
•0.25 
•0.24 
0.82 
0.11 
-1.05 



0.500" PLATE 141 
Slab Anneal: 1300 Plate Anneal: 1000 
Grain Size: 6.5 
Increment: 0.025" 



Incremenl (1 11) (100) In(ratio) 



1 


1.577 


3.039 


-0.66 


2 


1.125 


1. 032 


0.09 


3 


1.007 


1.824 


-0.59 


4 


2.001 


0.698 


1.05 


5 


2.091 


2.748 


-0.27 


6 


4.892 


1.906 


0.94 


7 • 


0.886 


4.336 


-1.59 


8 


6.052 


0.882 


1.93 


9 


3.392 


0.317 


2.37 


10 


2.177 


1.376 


0.46 


11 


3.431 


2.973 


0.14 


12 


3.628 


1.589 


0.83 


13 


3.458 


0.637 


1.69 


14 


2.095 


1.368 


0.43 


15 


1.869 


1.023 


0.60 


16 


1.371 


2.226 


-0.48 


17 


2.032 


1.143 


0.58 


18 


1.949 


1.754 


0.11 


19 


2.175 


3.521 


-0.48 


20 


5.092 


2.802 


0.60 
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0.250" PLATE 125D 
Slab Anneal: 1050 Plate Anneal: 1000 
Grain Size: 6.5 
Increment: 0.0125" 



Increment 

I 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 



(111) 
2.241 
1.411 
0.823 
0.82 
1.734 
2.812 
5.245 
6.196 
8.892 
8.531 
5.261 
1.439 
2.445 
2.057 
1.173 
1.767 
0.55 
2.921 
4.431 
6.313 



(100) 
4.137 
4.259 
3.941 
7.79 
4.658 
7.527 
4.266 
2.283 
1.248 
.1.082 
1.857 
1.097 
2.493 
5.962 
2.213 
2.609 
4,066 
4.855 
3.684 
1.898 



In(ralio) 
•0.61 
•1.10 
-1.57 
-2.25 
-0.99 
-0.98 
0.21 
1.00 
1.96 
2.06 
1.04 
0.27 
-0.02 
-1.06 
-0.63 
-0.39 
-2.00 
-0.51 
0.18 
1.20 



0.250" PLATE 125B 
Slab Anneal: 1150 Plate Anneal: 1000 
Grain Size: 6.5 
Increment: 0.0125" 



Increment (mj 



1 


4.159 


2 


6.06 


3 


4.407 


4 


2.336 


5 


2.023 


6 


3.733 


7 • 


4.117 


8 


4.718 


9 


5.367 


10 


2.876 


11 


4.952 


12 


4.12 


13 


2.752 


14 


0.949 


15 


1.108 


16 


1 


17 


2.357 


18 


0.846 


19 


1.628 


20 


0.866 



(100) In(ralio) 



2.577 


0,48 


0.27 


3.11 


0.964 


1.52 


1.175 


0.69 


2.155 


-0.06 


2.091 


0.58 


2.131 


0.66 


2.721 


0.55 


2.604 


0.72 


5.519 


-0.65 


2.886 


0.54 


3.362 


0.20 


1.715 


0.47 


4.93 


-1.65 


4.827 


-1.47 


3.157 


-1.15 


6,294 


-0.98 


10.654 


-2.53 


5.369 


-1.19 


4.458 


-1.64 
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0.250" PLATE 125C 
Slab Anneal: 1300 Plate Anneal: 1000 
Grain Size: 6.5 
Increment: 0.0125" 

Incremeni (1111 (100) In(raiio) 



1 


2.154 


1.516 


0.35 


2 


1.174 


1.282 


-0.09 


3 


0.79 


5.846 


-2.00 


4 


0.981 


2.736 


-1.03 


5 


1.938 


3.55 


•0.61 


6 


2.302 


3.179 


•0.32 


7 


5.221 


1.661 


1.15 


8 


3.636 


2.6 


0.34 


9 


2.982 


1.083 


1.01 


10 


6.161 


0.322 


2.95 


11 


7.636 


0.623 


2.51 


12 


7.336 


0.46 


2.77 


13 


4.415 


6.945 


-0 45 


14 


2.37 


1.953 


0.19 


15 


2.516 


3.636 


-0.37 


16 


1.99 


1.976 


0.01 


17 


2.696 


0.769 


1.25 


18 


3.155 


5.257 


-0.51 


19 


4.558 


0.879 


1.65 


20 


1.788 


0.595 


1.10 



0.400" FORGING 950A 

Billet Anneal: 1050 PreformAnneal: 1050 
FinishAnneal: 950 Grain Size: 7.1 
Increment: 0.020" 

incremeni (111) (100) in(ralio) 



1 


2.127 


6.911 


-1.18 


2 


4.289 


4.447 


-0.04 


3 


3.421 


4.819 


-0.34 


4 


3.065 


4.67 


-0.42 


5 * 


3.879 


4.672 


-0.19 


6 


2.33 


5.309 


-0.82 


7 


8.206 


1.239 


1.89 


8 


9.086 


0.57 


2.77 


9 


9.615 


0.425 


3.12 


10 


10.558 


1.57 


1.91 


11 


12.83 


0.883 


2.68 


12 


9 168 


2.094 


1.48 


13 


8 395 


2.002 


1.43 


14 


11,219 


3.961 


1.04 


15 


2.512 


3.816 


-0.42 


16 


5.044 


4.613 


• 0.09 


17 


3.898 


6.144 


-0.46 


18 


2.297 


6.159 


-0.99 


19 


5.796 


6.809 


-0.16 


20 


2.799 


6.72 


-0.88 
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0.400° FORGING 950B 
Billel Anneal: 1050 PreformAnneaP N/A 
FinishAnneal: 950 Grain Size: 
Increment: 0.020" 



Increment 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 



(111) 
8.364 
8.193 
6.576 
4.947 
3.246 
5.807 
7.812 
9.74 
11.63 
11.544 
11.965 
9.512 
8.556 
10.727 
6.759 
6.212 
3.868 
6.366 
6.336 
4.463 



(100) 
6.765 
6.839 
6.901 
6.953 
8.833 
7.248 
5.491 
5.358 
3.748 
2.258 
3.086 
6.106 
9.762 
5.84 
8.025 
9.528 
8.796 
8.333 
7.45 
6.201 



In(ratio) 
0.21 
0.18 
•0.05 
-0.34 
-1.00 
-0.22 
0.35 
0.60 
1.13 
1.63 
1.36 
0.44 
• -0.13 
0.61 
-0.17 
-0.43 
-0.82 
-0.27 
-0.16 
-0.33 



0.400 M FORGING 950C 
Billel Anneal: N/A PreformAnneal: 1050 
FinishAnneal: 950 Grain Size: 
Increment: 0.020" 





(111) 


(100) 


In(ratio) 


1 


3.589 


9.599 


-0.98 


2 


3.214 


6.069 


-0.64 


3 


2.669 


6.976 


-0.89 


4 


3.991 


8.405 


-0.74 


5 


4.737 


3.069 


0.43 


6 


7.163 


4.567 


0.45 


7 ' 


7.97 


2.348 


1.22 


8 


15.184 


0.506 


3.40 


9 


18,894 


0.058 


5.79 


10 


16.416 


0.084 


5.28 


11 


12.528 


0.215 


4.07 


12 


13.644 


1.074 


2.54 


13 


9.229 


1.141 


2.09 


14 


4.285 


6.858 


-0.47 


15 


2.067 


4.102 


-0.69 


16 


3.938 


4.881 


-0.21 


17 


3.391 


10.311 


-1.11 


18 


5.302 


6.265 


-0.17 


19 


5.755 


6.608 


-0.14 


20 


4.701 


8.166 


-0.55 
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0.400" FORGING 950D 
Billet Anneal: N/A PreformAnneal: N/A 
FinishAnneal: 950 Grain Size: 
Increment: 0.020" 



1 


Mill 


m noi 


In f rat i n i 
II lyl all V// 


1 


1 .836 


9.65 


-1 .66 


2 


4.837 


7.584 


-0.45 


3 


5 785 

J.I OJ 




0 Oft 


4 


1.468 


10.297 


•1.95 


5 


0.781 


17.101 


-3.09 


6 


8.097 


9.559 


-0.17 


7 


18.984 


1.486 


2.55 


8 


25.471 


0.166 


5,03 


9 


31.554 


0.053 


6.39 


10 


29.911 


0.075 


5.99 


11 


25.476 


0.055 


6.14 


12 


21.407 


1.494 


2.66 


13 


6.505 


2.777 


0.85 


14 


0.065 


1.665 


-3.24 


15 


0,052 


4.2 


-4.39 


16 


0.528 


9.288 


-2.87 


17 


1.122 


8.954 


-2.08 


18 


2.67 


8.715 


-1.18 


19 


5.137 


8,222 


-0.47 


20 


1.453 


10.944 


-2.02 
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WHAT IS CLAIMED IS: 

1 • Tantalum metal having a purity of at least about 99 995% and „„ 

™.y*5/ 0 , and an average grain size of about 

150 microns or less. 
3. Tb, „,«., of claim w „ erein said mea| . M ^ ^ 

H M . «„,., peak , nlensity less tha „ abou , , , raniM w b) a ra( . ^ w ^ 
peak intensity of greater than about -4.0, or c) both. 

about 15 random, 
about 10 random. 

9. The tantalum metal of Cairn 6, wherein said log ratio is f r0 m about -4.0 to about , 5 

about 1 5 random, and said log ratio is from about -4.0 to about 1 5. 

12. The tanta.um metal of c.aim , having a purity of from 99.995% to about 99.999%. 

13. Ametal alloy comprising the tantalum metal of claim 1. 

14. A metal alloy comprising the tantalum metal of claim 6. 

1 5. A metal alloy comprising the tantalum metal of claim 3. 

16. A sputtering target comprising the tantalum metal of claim I. 

1 7. A sputtering target comprising the tantalum metal of claim 6. 
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18. A sputtering target comprising the tantalum metal of claim 3. 

19. A capacitor can comprising the tantalum metal of claim 1 . 
■20. A capacitor can comprising the tantalum metal of claim 6. 

21. A capacitor can comprising the tantalum metal of claim 3. 

22. A resistive film layer comprising the tantalum metal of claim I . 

23. A resistive film layer comprising the tantalum metal of claim 6. 

24. A resistive film layer comprising the tantalum metal of claim 3. 

25. An article comprising at least as a component the tantalum metal of claim 1 . 

26. An article comprising at least as a component the tantalum metal of claim 6. 

27. An article comprising at least as a component the tantalum metal of claim 3. 

28. Tantalum metal having a) an average grain size of about 50 microns or less, or b) a texture in 
which a (1 00) pole figure has a center pea k intensity equal to or less than about 1 5 random or c) a 
log ratio of ( ni),100)center P ea k intensities of greater than about -4.0, or combinations thereof. 

29. The tantalum metal of Cairn 28 having an average grain size of from about 25 to about 50 



microns. 



30. The Bnt ., um msta , of claim 28 havjng , rat . o rf (| , |) (|oo) cemer ^ ^ ^ 
than about -4.0. 

31. The tantalum metal of claim 28, having both a) and b). 

32. The tantalum metal of claim 28, wherein said meta. has purity of at least 99.995'/. tantalum. 

33. The tantalum meta. of claim 28, wherein said meta. has a purity of 99.999% tantalum. 

34. The tantalum metal of claim 28, wherein said metal is ful.y recrystallized. 

35. The tantalum meta. of claim 32, wherein said meta. is ful.y recrystallized. 

36. The tantalum metal of claim 33, wherein said metal is fully recrystallized. 



10 
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37. The tanta.um metal of claim 28, wherein about ,0% or more of said metal is fu.. y 
recrystallized. 

about 15 random. 

39. The tantalum metal of claim 28, wherein said log ratio is from about -4.0 to about . 5. 

40. An article comprising the tantalum metal of claim 28. 

41. An article comprising the tantalum metal of claim 33. 

42. A sputtering target comprising the tantalum metal of claim 28. 

43. A sputtering target comprising the tantalum metal of claim 33. 

44. A process for making the tantalum metal of claim 1, comprising reacting a salt 
containing tantalum with at least one agent capable of reducing the salt to tantalum 

and a second salt in a reaction container having an agitator, wherein the reaction container or a 
liner in the reaction container and the agitator or a liner on the agitator are made from 
materia, having the same or higher vapor pressure of tantalum at the me.ting point of the 
15 tantalum. 

45. The process of claim 44, wherein the salt containing tantalum comprises a 
potassium-fluoride tantalum and the agent comprises sodium. 

46. The process of claim 45, wherein the second salt comprises sodium fluoride and/or 
sodium chloride. 

20 47. The process of claim 44, wherein prior to reacting said salt containing tanta.um, 
said process comprising forming an acid solution comprising tantalum and impurities 
and conducting a density separation of the acid solution containing tantalum from the 
acid solution containing the impurities; and crystallizing the acid solution containing the 
tantalum to form the salt containing tantalum. 



i a metal 
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48. The process of Cairn 47, wherein the tanta.um and impurities arc ^ ^ 
comprising tantalum and impurities. 

49. The process rf cllim 47 , wherein fc ao|d so|ut . on ^ r . iiig tmaium ^ 
impurities „ forraed by combi „ ing acM so|ut . on w . ih crushed ^ 

5 tantalum. 

50. The process of claim 44. wherein the reaction occurs at about 800°C to about 
H00°C while stirring. 

5 >. The process of e, a im 44. wherein the reaction „„„„„ „ ^ ^ ^ ^ ^ ^ 
on .he agiIa ,or are me , a ,-oas«<, wherein sa|d „„„ . ^ ^ 
■0 titanium, ionium, hafnium , VMadium , Kch „ MiMi mh£nium ^ ^ ^ 
platinum, or any combination thereof. 

52. The process of claim 5 1 . wherein the me,al is „ ickel or , „ ickel .„ ased ^ 

53. The process of claim 5 1 . wherein the metal is ehromium „, , 
alloy. 

>5 54. The process of claim 51, wherein ,he metal is iron oran iron-based alloy. 

55. The process of claim 44, tone, CO m prisi „ g recoveri „ g by ^ ^ ^ 
second salt in an aqueous solution. 

56. The process of Cain, 55, further comprising melting said recovered tanta.um in a 
sufficient vacuum to remove substantially any existing impurities in said recovered 

20 tantalum and obtain high purity tantalum. 

57. The process of claim 56, wherein the vacuum is 10^ torr or more. 

58. The process of claim 56. wherein the pressure above the melted recovered 
tantalum is lower than the vapor pressures of substantially all of the impurities. 
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». I*. Process of Cairn 56 . wbere.n fc impur ,„, s afe rtmoveJ fcy ^ ^ 
the impurities. 

60. The process of claim 36 , wb aid melting is accomp „ shed fcy ^ ^ 

melting. 

61. The process of data 56, wherein said m. lti „g „ accomplished by vacoum ^ 
remelt processing. 

62. The process of claim 56, wherein high poriry <a„,a| um is allowed „ hm , 
solid and subjected to a rolling process, a forging process, or both. 

65. The tantalum meul of claim , , ^ fc ^ ^ ^ ^ ^ 

and uniform microstructure. 

64. The tantalum metai of claim I , wherein the tantalum metal has a„ a ve, ag e grain 
size of from about 25 to about 1 50 microns. 

65. The tanta,um metal of c.aim 64, wherein the tantalum metal has an average grain 
size of from about 25 to about 100 microns. 

66. The tantalum metal of claim «, wherein the tantalum metal has an average grain 
size of from about 25 to about 75 microns. 

67. A process of making a sputtering target from tantalum metal having a purity of at 
least 99.995%, comprising: 

a) mechanically or chemically clean surfaces of ,h, tantalum m««a,, wherein .he Unralom 
metal has a sufficient starting cross-section.l area ,„ permit steps b) ^ g) . 

b) flat forging the tanulom meta, into , ea!t one rolling fc j( ^ _ ^ 

slab has sufficient deformation to achieve substantially untform „ Mo „ ^ 
in step d); 

O mechanically or chemically clean surfaces of the at least one rolling slab; 
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d) annealing the at least one r o.. ing slab at . sufflciem ^ and for & ^ ^ 

achieve at least partial recrystallization of the at least one rolling slab; 
. e) co.d or warn, rolling the at least one rolling slab in both the perpendicular and parallel 
directions to the axis of the starting tantalum metal to form at least one plate; 
0 flattening the at least one plate; and 

g) annealing the at least one plate to have an average grain size e q ua. to or less than about 1 50 
microns and a texture substantially void of (100) textural bands; 

68. The process of claim 67, wherein the tantalum metal has a purity of at least 99.999%. 

69. The process of claim 67, wherein the flat forging occurs after the tantalum metal is 
Placed in air for at least about 4 hours and from temperatures ranging from ambient to 
about 1200°C. 

70. The process of claim 67, wherein the cold rolling is transverse rolling at ambient 
temperatures and the warm rolling is at temperatures of less than about 370°C. 

71. The process of claim 67, wherein the annealing of the piate is vacuum annealing at 
a temperature and for a time sufficient to achieve recrystallization of the tantalum 
metal. 

72. A process of making a sputtering target from tantalum metal having a purity of at 
least 99.995%, comprising: 

a) mechanically or chemically clean surfaces of the tantalum metal, wherein the tantalum 
metal has a sufficient starting cross-sectional area to permit steps b) through i); 

b) round forging the tantalum metal into at least one rod, wherein the at least one rod has 
sufficient deformation to achieve substantially uniform recrystallization after annealing in step 
d) or step f); 

O cutting the rod into billets and mechanically or chemically clean the surfaces of the bi.lets; 
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d) optionally annealing the billets to achieve at .east partial realization; 

e) axially forging billets into performs; 

0 optionally annealing the performs to achieve at least partial realization; 

g) cold rolling the performs into at least one plate; and 

h) optionally mechanically or chemically dean the surfaces of the at least one plate; and 

i) annexing the at least one p.ate to have an average^ size eoual to or .ess than about 
1 50 microns and a texture substantially void of (. 00) textura. bands, wherein annea.ing occurs 
at least in step d) or 0 or both. 

73. The process of claim 72, wherein the tantalum metal has a purity of at least 
99.999%. 

74. The process of claim 72, wherein the round forging occurs after subjecting the 
tantalum metal to temperatures of about 370°C or lower. 

75. The process of claim 72 wherein prior to forging the billets, the billets are 
annealed. 

76. The process of claim 72 : wherein prior to cold rolling of the performs, the 
performs are annealed. 

77. The process of claim 72, wherein the annealing of the performs is vacuum 
annealing at a sufficient temperature and for a time to achieve recrystallization. 
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